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BACKGROUND OF THE INVENTION 
1. Field of the invention 

„,, t „, to a storage control 
The present invention relates 

. control apparatus, and a channel control unrt. 
5 2. Description of the Related Arts 

various devices have hitherto been used to improve the 
access speed of large-capacity storage devices employing 
magnetic dis*s as their storage meaia. As one of the devices, 
diS posing a cache memory, which uses a semiconductor devrce 
20 as its storage medium, inside a storage control apparatus for 
controlling accesses to a storage device has been practiced. 
Thereby, once data has been read out from a magnetic drs k , 
^ite/read can be carried out to the cache memory. Therefore, 

the access speed can be improved. 

In aconventionalstorageconfrolapparatus,configuratron 

is such that a channel control unit for controlling input/output 
to a host computer and a disK control unit for controlling 



.nput/output to a storage device a, connect via a networK, 
Mi l h . cache memory being depioyed on the networK. rbe - 
memory is often dupiicated providing for ioss of data. 

Lever, such a conflation can b e a factor prevents 
the movement of performance hecause data accesses are 
concentrated to the cache memory when the scaie of t h e computer 
Tst. h as b ee„ expanded and t h e numhers of h ost co^rs 

-"*\-^ 

empioy h i gh - P erformance h ard W are,res U itin g inincrea S edcos 
Jrthe^ore, as t h e scaie of t h e systembecomes iarger , an access 
5 path of a higher band is necessary. 

As a technigue for avoiding such a probiem, it was proposed 

to Japanese Patent Ration L aid-open Pubiicatron „o. 
11-203201 for example)- 
20 However, though in t h e conventionai art descried above 

.econcentrationofacceasest.acac.e.morycan.eaie.rate 

by t he districted depioyment of cache memories, paths on a 
. =„d this can be a factor for preventing 
data -path switch compete and thrs ltlDlic ity 
the ^entoftheperfor.-anceof access ~« ^£ 
25 of accesses occur s^uitaneousiy since the accesses to ach 
merries are made through the data-path swrtch 



activity ratio of ers betwee n the 

cache memories carried o 

are carried out through the network 

SUMMARY OF THE INVENTION 

, One o bj ect o £ the mention is to a ~ ^ 

appals fote^n, accesses to oata to be »a d e at a h , h e 

Spe6d " • . order to achieve the above 

one aspect of the invention in order 

ds a storage control apparatus incXuding a 

with an information processor, 

■ • n a disk control unit having an interface wi 
comprising a disk con temporarily 
. -™ data- a cache memory for storing 

device- and an interna! connector unit connects 
2 „ .nestoragedev.ee, . the disk control unit to each 

the channel control unrts and dx 
other furthermore, thecacheme.oryrsdeployedxn 

t s that are connected to one another throu 9 h a 
irteratlsferpathusedtorstorin^utuaiiythedata 

j ^« cache memory. 



nt specification with reference *» «- 
present speciJ-j- 



drawings . 



BRIEF DESCKXPTXOH OF THE 

« l6t e^— on, present invents 

wherein: entire configuration 

w .,,.^ai*— **• £irst example; 

w -„ 2 is a block diagram showing the en 

.,„„,.. 

first example; configuration of 

. 3 is a blocK diagram showxng the 
Fl9 ■ nn a cache control unit in 

•4-v, thP first example; 
accordance with the configuration of 

Fig . . is a hloc, -gram showing-' g 
a channel control unit in accordance- ^ ^ 

Fi , 5 is a hloc, diagram showrng - c g^ 

20 a iocal cache memo, in accordance ^ „ f 

Fi , . is a hloc* diagram showmg - J 
a glob al cache memor, in accordance wrt ^ rf 
Flg . 7 is a hloc, diagram sho-mg - 

•-h n r, a r cor dance with the xiif 
an i„ternalconnectionunrtrnaccor ^ 

8 is a flowchart showing a data 

the first example; 
accordance with the <- hfl data access process 

Fig . 9 shows commands for executing the 



. . \_ +.V.P first example ; 
in accordance with the ^ 
. 10 is a flowchart showing a lock secur 

rvln accordancewiththefirstexample; 
of the gl obal cache memory rn 

•4-v, the first example; 
in accordance with the ^ ^ 

• 12 is a flowchart showing a staging P 

Fig ' •*.*, the first example; 

^ accordance with the m» 
iocal cache memory rn accor ^ ^ 

n.13— wchartshowi, ad^rg 
loc al cache memory in accordance wrth 

to the local cache memory in accordance w 

. 15 is a flowchart showing a data 
FX? - rd ancewith the first example; 

fromthelocalcachememoryinaccordancew 

-K- » - a flowchart 
ro the local cache memory in accor dance ^hth _ _ 

• 17 is a flowchart showing handling 

-— » --—--* 

the first example; meraen cv destaging 

. 18 is a flowchart showing an emergency 

control apparatns in accordance with 
20 process in the storage control 

the first example; configuration 
F i g . 19 isa b loc.diagramshowingt et 

of a computer system in accordance wrth at ^ 
Fig . 2 0is a hloc, diagram showrngth cn ^ 

• n accordance wirn uhe tn^-u 
25 a control memory rn accor process in 

Fig . 21 is a flowchart showrng a 
accordance with the third example; 



■ „ a lock securing process 
Fig . 22 is a flowchart showing a 

in accordance with the third example; ^ 
Fig . 2 3 is a flowchart showing a staging proc 

i-he third example; 

Fxg . 24 rs a example; and 

loc al cache memor Y in accordance with - 

Fig . 25 is a flowchart 
tothe local cachet in accordance wrth the 

DEIMLE D BESCKXPTXOH OF TH E X—' ' 

0 ■ a will become clear according to 

At least the followings will b 

the descn p-;;;^ n present lnvention ^ 

M aspect of P channei control units 

controlapparatusincludingapluraliV ^ 

• „n interface with an information p 
15 each having an n interf ace with a storage device 

' - — " — — — 

fors toringdata : the S tor obeinterchangedbet _ 

memoriesforstorin g tempo ^ d£vice ; and an internal 

theinformationprocessorand ^ tyQfchannei 

- ^t::r:r^rnnit.w he reinthecac. 
tr ansfer path used for storin g mntuallV the dat 



25 



sache memories. act ivity ratio of the 

AC cordin g to such an aspect, 



nit Therefore, the data 
wi thout using the —naX connector » - ^ 

•n the internal connector unxt 
competition xn the info rmatxon 

a of the data accesses w 
the access speed o f 

pro cessors can b e made ^ _ ^ ^ of tim e 

— ^ Pr0 :: ca l memories paired « ^ ^ 

sin ce eac h parr - - ^ respectlve pa ir — 

are connected to each other ^ 

a dedicated data transfer pa ^ ^ lnform ation 

comp letion — — ;;; tlne and the access speed can 
0 pressor in a brier perro and manag ement of the 

— 

ch annel controi unrts ^ dupllcating 

the oper ation of the storage ^ ^ the pa ired c h an„ei 

— — : l e^pie, since data stored 
15 control units«itnineac h pa^ ^ ^ ^ ^ ^ 

in the cache memory of a there with, replacing 

ln the other channel control without saving 

■it can he ecu-- 1 -- 1 - 

of the channel control nnx ^ area 

20 than that in the channel control ^ ^ ^ 

to carry oat the maintenance ~~ „ ^ M 

storage control appar^ ^ ^ opera tio„ 

operate for 24 hours and 3 * ^ ^ ^ 

and degrading its f unctrons. ^ & cache 

— — 

access speed since <* 



control unit. ^ hese acoes ses do not P— 

unit can be alleviated since 

the internal ^^ aeatUwM ^s^ 
mother aspect of P having an 

control apparatus Include a channel c ^ ^ 

interface with an motion process . ^ 

■ t «faoe with a storage device 
having an interface temporarily 

a first and a seoon — proc essor and 

0 thestoragedevice ; andaninter ^ ^ 

unit , and wherein the second cache memory is 

internal connector unit. nthedat ato b eaccessed 
15 .ecordingtosuchanaspect, e ^ _ ^ ^ 

«- * — ti0n PrOCeSS °;; Less the storage device if 
memory, It i- »<* " „ Iher efore, the 

• stored in a second cache memory, 
the data is stored l made higher . 

^0 — : a ;;: filing a Polity of channel 
- storage control apparat ^ ^ 

control units each having an 

» disk control unit having 
processor; adisKco ^ ^ ^ cache meBories 

d evice for storing data; an ^ ^ interchanged be tween the 

25 for storing temporarily ^ ^ ^ . nternal 

information processor and the .to. o£ cha „ ne l 

connectorunitforconnectingmutuallythep 



for stMing mutuall y the data 
dedica ted date transfer path ^ _ ^ ^ 

st ored in the rirst cache -or— ^ data 

the secona cache dories .otstot.n^utu V 

— ' — 'rr-^ — 

-- dWithOUtUSin9t :l le^ connector unit can fe 
the date competition x hedatain the inflation 

alle viatedandthespeedo £ ac 

a*, h i aher . Furthermore , tne 
pr ocessorca» b emadehr g he ^ ^ ^ each 

15 pr ocees can he executed rn a r P ^ ^ ^ 

20 be sent to the Ration proces^ rn 

and moment ot ^ ^ ^ control 

wi thout the P ^ ^ a Mche memory 

— " " ^rpTla chan^ centre, units — - 
25 mutually between the paxre 

Pai^ in the cache memory of a 

Fo r example, sxnee data 



in the other channel control 

unit ^ ■ — ; ta stored in the cac he 

v h »r storage area than that in the 
m e»ory onto other , ^ maintenance ana 

unit . Thus, it is Possrhie to ^ is 

m anagement operation of the storage ^ ^ ^ 

requ ireatocontinuouslyoperatef ^ 

when d ata regneetea ^ ^ ^ 

0 PEOCeSSOr "Ieaataatahigha C oe SSSP ee dS incethe 

" U T— — — - 

The data competxtron ^ internal 

mem ory,i t is -t necessary to acce access 

* in the second cache memory, 
data is stored xn the hi gher . 

Ie t another aspect or P ^ 
with the storage controi appara. - ^ 
— tan " allLor^aohanneicontroi 

• — f M Writl ° 9 data ^te-in reguest is issue. fro* 

uni t for the case where a ^ ^ _ ^ 

" a " ^"^^rsriuoing a piuraiity of the channeX 
s torage control apparat ^ inforffiation 
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• ^rface with a storage 

the cache memory being aisp 
the storage device, ^ connect ed 

of the plurality of channel ^ used « 

to one another through a dedxca e ^ 

nv the data temporarily store , 
storing mutually the of channel 

control units and «. — ^ ^ ^ f rom the 

«-f receiving data x.o u 
„ comprising the steps ^ ^ ^ ^ ^ tQ the 

information processor, ^ the 

— — " transm ::: pir: «. — — — - 

acknowledgement notify r cha „„el control unit 

t 0 the cache memory ^ control unit, and 

has bee „ oompleted, from tQ the 

— ™-nnr^-- 

20 cache memory of the data 

the information processor. ^ ^ ^ 

wording to such an aspect. 
intemalconnectorunitcan.esu.res «. ^ ^ 

for the data duplication between the ca ^ ^ 

25 witnoutusingtheinternalconnectoru. 

. +he internal connector unx 
competition xn the info rmatxon 

j ~f the data accesses 
and the access speed of the 
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, hiqhe r. Furthermore, the data 
processors can be made ^ & ^ ^ o£ tlme 

dup Ucation process can be q£ 

• of cache memories pairea 
si nce each parr of ^ pair 

data are connected to each ^ adataaccess 

th rou g hadedicateddatatransferpa . ^ ^ 

— — led9effi t/oTt^e ana the access speed can 
processor in a brief perrod of t» 

be made higher. manag ement of the channei 

FUrtheOTOre ':;rr:dont W itho U tinfinencin g the 

° "Ttllt a. controi apparatus by dupiicatin, data 

the pair ed channei 

— - 3 "~ mem0rY h lor e X ampie, since data stored 

C ° ntr0lUnitS Cr laJnei controi unit is aiso stored 
in cache memory ther ewith, replacing 

„ in the other channei controi unrt parr ^ ^ 

h ^ the cache memory onto otne 
the data stored rn ^ . g possible 

to carry out the — to conti „uousiy 

20 stotag e controi apparatu s ^ ^ its operation 

operate for 24 hours and 365 day 

— — " S fUn ° ti0 ; c S t 'o f represent invention provides 

» to a first cache memory * . ^ „ a 

a 4.„o the storage control a PP 

— — — — • 



.or- a disk control unit having an 
with an information proce^, ^ ^ first 

•+-K » storaqe device j-^j- 
interface wxth a interchanged 

cache memory for storing temporal ^ 

channel control unrts «-* ^ ^ the 

. dediceted dete transfer ^ ^ ^ ^ 

data temporarily stored; a coup interna i connector 

for storing t h e same data "^J^ control 
, uni t f or connects — ^ ^ - — — 

nemories , the method for readrng , 

• » read-in command of the data to tn 
tr ansmittrng a read cache memory, writmg 

. . _ j a1 -a from the secuuu 
memory, acguirmg the date transmi tting the 

first cache memory, 
15 th eacguireddatatothefr 

united data through the dedrcat ,d dat ^ ^ 

ether channel control unit ^ 

other channel control unit. 

activity rati o of the 
wording to such an aspect, ^ 
.tor unit c a n be suppressed srnce 
interne! connector dupllca ting of data is 

be tween the first cache memorres ^ 

™r— - -— — — — — 



reliability of 
v,- K„ r Furthermore, the rexx 

pr ocessor can he ^ ^ ^ ^ ^ . ^ cache 

* taCmb " P l-»*-- ie5i " ad " PUCated 
— ( te nanceand — ent or the channel 

— FUrtherm °:I^:o Ut ^ i n flU enc i n gth e 

control units can ^ ^ data 

op eration c £ the -rage ^ » the paired channel 

st ored in a cache *e»ory dually 

control units — eaC d h at P ;: t ' ored in t he cache m e B ory - a 

0 channel control anxt _ control unit 

unl t paired therewith, —rug ^ ^ ^ 

m e»ory onto other storage ^ maint enance and 

«!*. Thus, it is P ossi bl e to V ^ ^ 

of the storage control 
15 ttanage-aent operation lhours and 365 days without 

requ lredtocontinuouslyoperate ^ 

t or reading out data ^ ^ . nforffiatlon 

20 where a data read-out reguest 

appa ratus including J e informati on processor ; a disK 

controlunithavinganrnte ^ ^ fee 

25 da ta ; arirstcache^ norma tionprocessor and the storage 

inter "ricl — — - ^ ° f ^ 

device, trie j-j-j- 
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, , units connected to one another 
plurality of channel contr ^ ^ ^ ^ ^ 

^•-^^^n^. - — mem ° ries 

th e data temporarily ^ ^ inter nal connector 

- storing the same r:ri ^ - — — 

unit for connects a ^ ^ ^ ^ ^ 

unit, the disK eon r u ^ ^ ^ q£ 

series, the method for 
re ceivin 9 fro* the infor.at.on proce^ 

£ or data forwhich the address rs spe ^ ^ ^ 

0 ----^—rdofthedatatothesecond 

„, ;;; t the specified - not 

cache .emory if the data 

in the first cache ,ae m ory ; -c*n» ^ 
cache^ory.titi.theac^^ ^ ^ _ 

» «ans»ittih 9 the ac^ ^ ^ to 

tra „sfer P ath to he ^ ^ receiving 

froI utheotherchannelcont he caohe ffiem ory disposed 

thatw ritin 9 of thetrans^itte -a- f ^ 

data is not stored in a accesB lng to the 

» — — nn^t: — — 

Furthermore, the 
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mfi rstcachememoriesinaduplicatedma„ner. 

— enintW ° (2> later messes can be responded with 

Therefore, the next or later 

first cache memory. 

Fur thermore, the a ^ ^ ^ ^ 

S unit can be suppressed srnce ed data transfer 

.„ is executed through dedicate 
flrs t cache memorres is otused . Therefore, 

thedatacompetitron- ^ ^ ^ p 

and the speed of - ^ ^ ^ _ ^ 

10 ~ " ^ ^ .redfnadupUcatedmanner, the reliability 
cache memories is stoi 

° f ^ ^ and management of the channel 

^Tirecarr.edout.thoutfnffuencfngthe 
centre! unrts can ^ ^ ^ 

15 operation of the storage channel control units . 

. •„ effected between the pairea 
duplication is effect ^ & 

channel control unit control 
unl t to be paired therewith, replacing of ^ ^ 

- - ~ ^ Ca " ied Mt tie reTtl that - - channel 
cache memory onto other sto g ^ ^ ^ ^ Bain tenance 
control unit. Thus, it rs possr ^ that 

^management operation of ^ ^ ^ ^ 

- ^".r aspect of the present „~ 
am ethod for writing out data stored rn a fr 
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----- :ri::~= 

with an — — °;; c for storing data! the rirst 

int er f ace with a stora g e devr=e ^ ^ 

c ache memory - storin, tempo - s ^ a9e flevice< ^ 

between th e ^ Processor an ^ ^ 

£irst c ache memory -n, . ea ^ _ 

— — — — rstori n g „ t n^ th e d a t a 

° — eddatatra :::: ;:; - — — — for 

— Z ile al , and an intern. — ~ ^ 

.torn* the same ^ contrQl unlts , 

£or connects « «" ^ cache memoties , 

th e disK con.ro, unit an. the — ^ 
15 the me thod £ or writin, - co ^ _ _ _ 
^^^Trr—^or.secnr^as^e 
the data stored xn the , he se cond cache memory; 

are a to write in the selected data to the sec ^ 

- — "71— 

20 A ccordin g to such an aspect^ ^ 

. first cache memory rs re g urred t 
ar ea on a rrrst ^ ^ ^ ^ to be 

a write-in process to a comple ted, the stora g e 

<-».» first cache memory rs completea, 
replaced from the frrst can 
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„. asoect of implementation, it is possible to 

:r::::— 

of time. preferably carried out 

h a case, the selection is preferao y 

w „:.- ::«,»« — — — — 

period of time. it is possible to replace 

wording to such an aspect, P 
da ta assumed to be least necessary to be stored 

— ' " 3 SeCO " d CaChe ;n Ptesent invention provides 
o A yet further ^^^^^ 

Uememor, and inasecond cache 
device data stored rn control 

for the case where power supply to 
me morv tor ^ ^ storage control apparatus 

. Channel control units each having an 

" lnClUdin9 3 t h an in-ation Pressor; a dis* control unrt 
interface wrth an xnf data . 

• .„f ace with the storage device to 
h avin 9 an rnterf ace tempo rarily data to b e 

and tne storage 

interchangedbetweenthe ^ each of the 

20 device, the first cache memory ~»£Z « ~ 
o1 ron trol units connectea 
Pla T:^— nsferpathusedforstoring^ually 
th roughadedrc oupleofthe second cache memor.es 

thedatatem ^s data mutually, and an internal connector 
for storxng the same ^ cQntrol 

- "rr:i:r:"r:;.«.^ r 

units, tne ax steps of 

memories, the method for storing comprrsrng 
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a battery provided in advance 
switching the power source o ^ 

m emory data stored in the f ^ . ^ 

by th e nation processor and ^ ^ ^ ^ 

completion or ^ ^ cache memory 

to th e storage device -a * ^ _ 

th at has been updated^ ^ toragedevice; ^ 

' - S n0tyet T f ; l s^yo, Powers the battery to the 

cutting off the s pp writing to 

after completion of the « 
storage control apparatus after 

the storage device . ahill tv of the system 

. Ma to improve the reliability or 
It is thus possible to rmp ^ ^ 

power failure etc. ^"^ ^^ mention provides 

AStiUyetf ": . control apparatus including 
a channel control unit in a inter f ace 

apl uralityof — — lit having an 
20 W ith an information process ^ ^ ^ ^ 

interface with a storage device ^ ^ 

the information processor n ^ ^ 

control unit oomprisrng an inter 

* al iv the cache memory, the plurality 
25 connecting mutually the the ca che memory being 

disposed in each of the p 
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noth er through a dedicated data transfer path 
conn ected to one anot. _ _ ^ ^ 

— ~ St0 " n9 the nation processor, means for 

data to he written from the ^ fQr 

— thed ;::r— 

5 remitting the data ^ ^ to 

— path to ; h :; edi oate d ^ — « 

each other through the ^ 

dedicated data transfer path 
10 t.e.r^n.of t h etrans mi tteddata ^ _ 

in rne other channel control unrt hash 

,. nfl to th e information process 
for transmitting to tn roemory 

«. notifying that the wrxtxng to the 
acknowledgement not if y mg 

^ ^tten has been completed. 
o£ the data to he written t inventio n provides 

» -etstiiifuttneraspect ^ 

acha nnel control unit ma storage ng a „ inter£ac e 

aP—f - unit having an 

Mith t h e nation processc , ^ ^ ^ ^ 

int erf aoe with a storage d ^ ^ ^ 

20 memory for storing tempore^ ^ ^ ^ ^ 
the information processor ^ ^ ^ ^ channel 

cach e memory heing disposed ^ ^ vadedicateddatatransfer 
^o^^^J^ temporariiy s _ d; 
pat h used for stormg mutually ^ ^ ^ 

25 a couple of second cache ^ ^ connecting mutually 

dually, andaninternal connected ^ 
th e Plurality of channel control unrts,th 
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or-ies the channel control 
-, «f second cache memories , 
andthecouple of secon , nthe second cache memory 

transmitting to the secun 
unitcomprisingmeansfortransm ^ cacle 

— r::;— *- — 

.„« <cc »• "» cache — — 

transfer path to the rransfe r path; and means 

« — 1119 fr ° m that the writing of the transmit 

10 acknowledgement notifying ^ 
dat a to the cached disposed m t„e 

Afur t h etas P ecto f t h e p] :es ad ^ apiurauty 
cont rolunitinastoragecontrolappara ^ 

information processor, memory 

..-vice for storing data; a firs 
Mith a storage device interchanged b etween the 

for storing temporal dat ^ first ^ 

information processor and th s ^ ^ ^ 
20 .moryheingdisposedineacn ^ ^ data tra nsf er 

^ T Zcond c c h e memories for storing the same data 
mutually; and an intern dis 1c control unit 

25 the plurality of channel control unit ; ^ 
-, second cache memories, rn 

and the couple of ^ 
unit comprising means for recei 
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. read -ou t co-ana for data « — «» 

whether the data at th e 

is ^ed, means « ^ _ 

specl£i ed address , ^ ^ ^ _ to the secon d 

for rrans^trn, tne < iiea addr£ss is ^ stored 

5 cache « «- — ; acqulring the data from 

in th e first cac h e memor. ^ ^ 

the second o.. memor,, me - ^ ^ ^ 

uni t an a c*nowled g ement notrfymg ^ 
. „ rtrtata tothec a chememorydrspose d intheo 

rrr::. — - — 

information processor-, ^ memory 

- - * — ^ :rtl -ic^e d b er W een t h e 
£or storin, temporsrriy ^ ^ ^ 

information processor an t* - control 
-- b - gdiSeOSedin :;:;j gh aae di c at ea da r a rrans f er 

M " "I r L- memories for storin, t h e - - 

mutually; and an intern 
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•■ho t-he disk control unit 
the piuraiity - channei control «». - 

i ~f second cache memories, tne 

memory; means for sec „ m( , an s for transmitting 

v hp second cache memory. 
th e selected data to the ^ ^ 

Insu chacase, the selection is 
by pectin, the data that has not heen accessed for 

0 period of time. entinvention provides a storage 

Afurt heraspectofth f channel contr ol units 

— 

15 data; a first cache memory for -"-^J^ _ ge 
intero h anged b et W een the informatronpr.es ^ ^ ^ 

„ first cache memory being disposed 

to one another 

pxuraiity of channel controi storing mutually 

« storing the sam ^ ^ ^ control 

units, the disk mDrisin g a battery for 

nntro i apparatus comprising 

25 continnonsiysnppiyingP ^ ^ the 

control apparatus is inter o£ DOWer to the storage 
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been updated by the x reducing 

,„ to the second cache memory; means for 
been wrxtten xn contrQl 

5 the su PP iy of P ower from T ^ _ _ 

unlt af ter ^^^l^^a stored xn the second 

andthat i:lli;«-su PPl yo IPOW er from the battery 

to the storage device. ^ a 

A fu rther as P ect of the P resent xnventxon 

channel control unit s 

15 status ^ t I informa tion P rocessor ; adis k 

eechhavinganxnterface evice£orstoring 

^troiunithavinganxn t r _ ^ ^ 

data; a cache memory for storxng 
ln terchanged b et W een the info— 

20 devl ce, --- — ^r : another through a 

. and an internal connector unit 

tem P orarxiy stored, "* control units and 

— II the ste P s of receiving data 
25 thedisfccontroiunxttoexec 

v. bitten from the information processor, 
to be wrxtten fro transm itting the data 

da ta to be written to the cache memory. 
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v, bleated data transfer path to the 

- - ""•*; in " - - - - — - 
«»., „ ,„»» .... ~ — 

^»-«— « 7 ot> „ „„„.. 

— r:;:ir:."» ««— 
— -rrr :::"«'.. — — ■ 
. - — - - — r::::r::: 

for causing a channel control unit xn a 

channel control unl ts 
apparatus including a pluralr ^ _ ^ 

^ intprface with an ii"- UJ - 1 

controlunithavinganinterf mtlorarl iy data to be 

. first cache memory £or storing temporarily 
15 data; a first ca and the storage 

int erchanged between the information processor 

. the first cache memory being disposed in 
device, the firs d to one another 

units, the ais . 4 . 4 .4 tin to the second 

• es to execute the steps of transmitting 
memories to . r thfi second 

a r ~ ad -in command for data bu 
25 CaChemeB ° ry . .„ athe data from the second cache memory; 
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the acguired data through the dedicated data transfer path to 
the other channel control an. —a to each other through 
the dedicated data transfer path-, an. receiving fro* * other 
ch annel control unit an — ^ notion, t h at the 
.„ pd data to the cache memory disposed 
5 writing of the transmrtted data to t 

in the other channel controi unit has heen completed. 

A fu rther aspect or the present invention relates to 

Jratus including a plurality of channel control unrts each 
10 h ln g aninter f ace W ithanin £ ormationprocessor ; adrsKcontro 
u nit having an interne with a storage device £ or storrng data , 
. fi rst cache memory .or storing temporarily data to he 
interchanged hetween the information processor and the storage 
aevice, the first cache memory heing disposed rn each of t 
15 plurality of channel control units connected to one another 
" ruhLdicateddatatransferpathusedforstoringmutually 

the data temporarily stored ; a couple of second cache ^ 
f or storing the same data mutually; and an internal connect- 
uni t for connecting mutually the plurality of channei control 

.emoriestoe.ecutethestepsofreceivingfromtheinfo^ 
pr ocessor a read-out co^and for data for which the add e 
is sp ecified ; determining whether the data at the speeded 

25 read . ln ccmnand for the data at the specified address to the 
m emory ; ac g uiringthedatafrom the second cache memory, wrrtrng 
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♦ h. first cache memory; transmitting the 
the acguired data to he ,rs ^ ^ ^ ^ ^ 

paired data through Qther ^ 

other channel control unit connected to 

nath- receiving from the otna 
dedicated data transfer path, , hat th e writing of 

M acknowledgement notifymg that the w 

th e transmitted data transm ittin, the 

channel control unit has been completed, 

^ fUrthSr ^ chlel control unit in a storage control 
10 program for causrng ch ^ ^ ^ 

apparatus Including a plurality 

• nterfacewithan information processor, 

Shaving an rnterfac ^ ^ ^ ^ 

a first cache memory for storx 
„ interchangedhetweentheinformationpr.es. ^ ^ ^ 

■ ,- he same data mutually; and an rnterna 
20 f or storrng the sam ^ control 

unit for connecting mutually 

Tories to execute the steps of selec rn ^ 
oa t to the second cache memory among data s^ ^ ^ 

25 :r: — - 

aata to the second cache memory. 
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^■F^rablV carried out 
Q p the selection is preferably 
I ";:i: a : tk a th a S »o tb ee n ^ J o Itt e 1 o,e 8t 

by selecting the aao 

period of time. inventio „ rela tes to a 

prog ram for causxn, 

pl urality of channel un ~ ^ ^ ^ ^ 

interface wxth a interchanged between 

^-™~Z 2 — device. * «~ 
0 th e information processor ^ ^ ^ ^ ^ 

cache memory -- --- tMough . de dicated data 

control — ^ the data temporarily 

transfer path used for ^ same 

i - of second cache memories for sto 
s tored ; a couple ^ ^ connecti „ g 

» mUtUaUY ; ^itvofchannexcontroianfts^hedfsxcontroi 

— llYthePlU ' Qf seco „d cache Torres to execute the 
unit and the couple continuously 

eSt ° n r lappa ratu si s interrupted^^ 
20 ofpowertothestoracecontr the firs t cache memory 

to the secondcacememory data stored. e ^ ^ 

„ as not yet been written rnto ^ ^ ^ 

the amount of power ^ J iti „ g to the second cache 

25 controlunitaftercompletron gtored in the second 

— 

cache memory thar 



n-ntten into the storage device; and 
and that has not yet been wrxtten ^ 

cutt ing off t h e supply - Power f rom t - ^ 
controlapparatus after completionof the wrrtrg 



device . 

« Examples » 



<First Exam P le> configuration 
Fig .! is a blocxdiagram showing t h e entire 

2 00 and receives revests for read g ^ ^ 

roU tes between each host colter 200 

. , 00 are duplexed and adapted such that 
apparatus 100 are differe nt channel control units 

^ 200 is connected to different 
computer 200 is rs on one 

other access route. interface control 

v, ™i control unit 300 comprises host mtert 
Ach annel ^ ^ ^ host cQmputers 

units 310 andbas an^ t ^ aoach e control 

-T-^r: ^ - - — — * storing 

for realizing disK a , - ce 800 . The 

_ data read out from a storage devrce 
temporarily the data rea ^ h a cache control 

cach econtrol U nit 320 i S mutuali y oonnected .h ^ 

25 unit 320 o f another channel control - ~ 
350, and executes duplication of data by 
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in— er ' SlOCalCa r n T 300 comprises an internal 

interface control unrt ^ ^ thrQugh 
(se cond cache memories, 600 

an internal connector unit 500. ^ ^ 

Ad i. control nnit ,00 h ae an rnt^^ Mttroma 

storage devxce 800 by interna l connector unit 

.... -.^ tr r » 

through an internal xnterf 

duplicatxng of data oy 
15 other . secures a power source for 

„ m the disk control apparatus 
to a power-down, the ^ ^ ^ 600 , 

M data stored In the local cache 3 ^ ^ 

into a stora 9 e device 8 00 whrle r P ^ ^ ^ 

glob al cache 600 is Prevented ^^l^^ 
• » hi ock diagram showing the em:i 

""i: — — — 

25 of a computer sys 

computer system shown in Fig. 1- hannel control 

This embodiment is f ormed by rnte^ratrn, 
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*™i unit 400 shown in Fig - 1 • * control 
units 300 and a disK control unxt 

v, et -interface control unit »i« 
unit 9 00 copses a host 

4= „o with a host computer 200 ana 
as an interface wxth 

control nnit 960 worKing as an xnterf 
5 80 \ocordin g tot h ise.odi ffl ent,itis P o S; i.e ::=: 

A p ac*age iS - Mai „ e a „d — ent such as 

10 ° ffUnCtl0n V;;rr; carried ont^le.-nle. - 

adapted such that tUe cost 
configuration shown xn xg. largest . SC aled system 

offset is maximal xn tne x y 
red uctxon effect ^ , 1. .«l«»« 

.... lJ **« *>— »«* * hlsconf igura tion 

« — ^ r:r;alto m er«hose b nsiness h as 

In contrast, the configuration shown xn 
^atthecosteffectis^alatthet^eof x. al 

• P it still maintains its expansxveness , 
20 and, sxnce xt conf igurations . Therefore, 

it is eff ectxve f whose business ci _ stances 

start a busxness ^ ^ ^ 

varies drastically realizes custome r's 
25 for changing the system scale accordxng 

SitUatl0n ' d ata read out from a storage device 800 by 

Furthermore, data red 
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cach e through a cache controi unit «0. -refore, — 

int ern a i connect units 300 or giohai caches 6 00. 

sin ce other potion o £ the configuration rs sa m e as he 

ascription wiii b e given hase d on the e^pie shown 

F ig 3 is a oioc* .iagra, showing the configuration of 
0 . hos t interface controi unit 3,0 ana a ceche controi unit 3,0 
The h ost controi unit 3X0 comprises a processor 333. a 
m e.or y 332. a host interface circuit 3U an. an internai 
connection interface circuit 315. 

. processor 333 receives reguests for r e a aing/wrrtrng of 
15 data from a host colter 200 by executing a controi progra. 
^storedina^or. 332, 

l0 „. T he host interfece circuit 33, is connects to the host 
colter 300 a n d constitutes . circuit for senuing/receivrng 
data . Th e internai connection interface crrcurt 33 
constitutes . circuit for connecting with «- cache controi 



20 

unit 320. 



lc a che controi unit 330 comprises a cnche controi unit 
int erface circuit 333, a b uffer .e m or y 333, an internai 

i?i and 324, and a 
connection interface circuit 323 

25 between-paired-caches interface circuit 325. 

Th e cache controi unit interface circuit 323 constitutes 

. circuit for connecting with the ioc.i ceche 330 an d controis 
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the sending to/receiving from the local cache 330. 

The buffer memory 322 is used for storing data temporarily 
w hen data is sent to/received from the local cache 330. The 
internal connection interface circuit 32 3 constitutes a circuit 
for connecting with the host interface control unit 310. The 
internal connection interface circuit 324 constitutes a circurt 
for connecting with the internal interface control unit 340. 

The between-paired-caches interface circuit 325 rs 
connected with the cache control unit 320 of a channel control 
unit 300 to be paired therewith. The mode of connection is shown 
in Fig. 4. 

Th e channel control unit 300 to be paired therewith executes 
the duplication of data by sharing the data in each other's 
iocal cache 330. Commands anddata lorexecutingtheduplicatxon 
15 of data are sent to the channel control unit 300 of the other 
one of the pair. The between-paired-caches interface circuits 
325 within a pair are connected directly with each other by 
a between-paired-caches connection unit 350. 
between-paired-caches connection unit 350 is a communicate 
20 path provided dedicatedly for duplicating data in each other' s 
iocal cache 330 within the pair. Therefore, data duplication 
can be executed at a high speed since data co—cation between 
the paired local caches 330 can be executed without being 
influenced by other processes. 

Since this duplication is executed between paired channel 
oontrol units , maintenance operations for channel control units 
can be carried out without influencing the operation of the 



«- i .nnaratus For example, assume a case where 
storage control apparatus. 

a channel control unit with a fault is " «- " 

control unit is not paired with another one and duplicates data 
wit hin the channel control unit itself, it is necessary to save 
5 t he data stored in the cache memory onto other storage area 
th anthatinthechanneXcontrolunit b erorereplacin g thechannel 

control unit. However, in the case of this embodiment, the 
saving o £ data is not necessary because the data is also stored 
in a cache memory of the other channel control unit paired 
10 herewith. Thus, it is possible to carry out the maintenance 
and management operation of the storage control apparatus that 
is retired to oontinuously operate for 24 hours and 3S 5 days 
with out stopping its operation and de g radin g its functions. 

* ^ rrnits of the internal connection 
The configurations of circuits 

15 interface circuit 315, the internal connection interface 
cirC uits 323 and 324 , and the hetween-paired-caches connection 
interface circuit 32. may he either cognation of the circuits 
o£ same Kind, the circuits of different Kinds, or nature of 
the circuits of same kind and different Kinds. 

N ext, Fig. 5 is a hlocK diagram showing the configuration 
of the local cache memory 330. 

The local cache —or, 330 comprises the data area 331 
and a control area 332. Data read out from the storage device 
300 by the host computer 200 is temporarily stored in the data 
25 area 33! . A table for managing the data stored in the data area 
331 is stored in the control area 332. Data is mana g ed hy 
pr ovidin g a table having columns of "Valid" , "Dirty" , "Address" , 



the d ata - 331 ^ ^ ^ ^ data 

area 331 in any unrt. They 
device 800. Furthermore, the size 

be a variahle len,th or a fixed ^ ^ da „ 

id" indicates whether tne a 
The COl "°^' ^ a read .out request for data has 

> b een issued from the host corner ^ ^ 

• hit if the data is not valid, 
in a mxss hrt if tne ^ fcy 

, ™„ "Dirty" indicates whether data 
The column, Drrty not bv the host computer 

— --^^^.I-«-«■-•■ 
r:i:r::~ 

v,~nn The host computer /uu 
20 stored in the local cache 330. . The refore, 

i .Presses when it reads out data 
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amasses referring to the mapping table. 

T he column, ^icates t h at a process for t h e 

st ore d in a pair of local caches 330 mutually therein rs 

5 Lplicatea between the, mutually - a high speea through t 
bet „een- P air connection unit 350 heing a co^unicatron path 
dedlca te d for data auplication hut the application can no he 
achieved at the same time, before, inconsistency o aata 

10 „ th e aata has heen replacea from, for example, the local each 
occ urre„ceofthe inconsistency between the paired caches errea 

devi ce 800. ,he column. ^ * P— " oraer to prove 

4-v, Q Aai-a is prohibited while 
1S such a problem and the operation to the data P 

the Lock is effective. 

Th e column, "Owner., indicates which of the parred local 
caches 330 possesses the data. «. column, ..Owner- is provided 

naired caches mutually. 
20 in a duplicated manner between the parred 

The column, "Pointer., is a column for managing 

and management information stored in the control area 3 2 

N e*t, Fig. 6 is a bloc, diagram showing the conf rguratron 
25 of the global cache 60 0. 

T he basic configuration is same as the conf iguratron of 
th e global cache 330 but the meanings represented b y the column, 
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lock" and the column, "Owner" are different. 

Th e column, "Lock" Indicates that the data on the g lohal 
oache SCO is in a state that the data Is prohibited from being 
re ad out to another local cache 330 since the data has been 

» p dated by the host computer 2 00 . Xf a plurality of local caches 
330 are allowed to read out the data, the consistency between 

b e updated respectively by the host computer 200. 

Th e column, "Owner" indicates which local cache 330 rs 

being read out the data. 

Th e 9 lobal cache 600 is connected to the internal connector 

dup licationofdata. The duplication of data between the paired 

mutually between them through the internal connector unit 500. 

„ext. Fig. 7 is a bloc, diagram showing the configuration 
of the internal connector unit 500. 

An example of a 4-input-4-output type is shown in Frg. 

is an B-inp«t-8-output type. However, an example of 
4 _i„put-4-output type will be described for simplification of 
the description since their basic configurations are same. 
Th e internal connector unit 500 comprises a receiver unrt 
25 51 o,atransmitterunit 5 2 0 andacontrolunit 530. The receiver 
unl t 530 stores data input into the internal connector unit 
500 in a buffer 511 as appropriate while it transfers the data 
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to a buffer 52! of the transmitter unit 520 specified according 
to an order from the control unit 530. The transmitter unrt 
52 0 outputs data stored in the buffer 521 one by one. Though 
F ig. 7 shows a case where a configuration of a cross bar switch 
5 is employed as the internal connector unit 500, the unit is 
not limited to the configuration of a cross bar switch and the 
unlt can take various configurations. For example, it rs 
possible to adapt that the receiver unit 510 and the transmitter 
unit 520 are connected by a multi-stage switching circurt. 

Since pieces of data duplicated mutually between two global 
caches 600 are transferred through the internal connector unit 
500, there are many transfer paths and contention on the paths 
m ay occur. Therefore, relatively long time is necessary for 
ouplicatingdatastoredinglobalcachesOOO. On the other hand , 
15 S incedataduplicatedbetwee„localcaches 330 isdirectlylin k ed 
at the between-pair connection unit 350, paths for transferring 
are short and there are no contention on the paths . Therefore, 
data duplication can be executed in a brief period of trme. 
Next Fig. 8 is a flowchart showing the flow of a process 
20 for the case where a data access reguest is issued from the 
nost computer 200 to a disK control apparatus 100 according 
to this embodiment. 

When a data access reguest is issued from the host computer 
20 0 to the channel control unit 300 (Step S100, , the processor 
25 311 of the host interface control unit 310 analyzes the access 
reguest. The type of access (read-out regnest, write-in 
reguest,, the address of the data to be accessed etc. are 



determined from the analysis. 

Then, the processor 311 transmits the commands listed in 
Figs. 9A-9F to the cache control unit interface circuit 321 
of the cache control unit 320 in response to the type of access . 
The command listed in Fig. 9D is transmitted in the case of 
a read-out request and the command listed in Fig. 9 A and the 
command (data) listed in Fig. 9B are transmitted in the case 
of a write-in request. 

The cache control unit interface circuit 321 retrieves 
management information stored in the control area 332 of the 
local cache 330 according to a command transmitted from the 
processor 311 and verifies whether the data at the address 
specified in the command is stored in the local cache 330 (Step 
SlOl) . 

in the case where the data is stored in the local cache 
330, if the request is a read-out request, the cache control 
unit interface circuit 321 reads out the data from the local 
cache 330 and transmits the data to the host computer 200 . ( Step 
S106 , Step S107 ) . Having received an acknowledgement ( ACK) of 
the completion of the read-out process from the local cache 
330, the cache control unit interface circuit 321 transmits 
a status to the processor 311. The status to be transmitted 
is a command denoted by Fig. 9F. Finally, the processor 311 
sends to the host computer 200 a read-out process completion 
3 acknowledgement (Step S109) and the process is finished. 

in this embodiment, the case where the cache control unit 
interface circuit 321 executes the retrieval of the management 
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330, 
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information of the control area 332 of the local cache 33 
and the control such as the read-out of data from the local 
cache 330 is described as an example. However, an aspect in 
which the processor 311 executes such processes is also possible . 
in this case, it is possible to adapt such that the retrieval 
of the management information stored in the local cache 330 
can be executed in a higher speed by copying the management 
information stored in the control area 332 into the memory 312 
by the processor 331. 

The details will be described later but, as to the data 
access control to the global cache 600, an aspect also can be 
possible in which the processor 311 executes the control, not 
limiting to an aspect in which the cache control unit interface 
circuit 321 executes the control. 
15 Fig- 15 is a flowchart in which the process of the above 

read-out request is shown. As shown in Fig. 15 , two local caches 
330 are paired but neither of them executes any access to each 
other's local cache 330 when data is being read out. 

on the other hand, for the case where the access request 
20 from the host computer 200 is a write-in request, the cache 
control unit interface circuit 321 writes into the local cache 
330 the data stored in the buffer memory 322, transmitted from 
the host computer 200 (Step S108). 

Fig. 14 shows the details of a write-in process into the 
2S local cache 330. First , the cache control unit interface circuit 
321 issues a request to lock the local cache 330 to the other 
cache control unit interface circuit 321 that is paired 
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it is secured that -th of the local caches 330 a. ^ ~ 
5 giving . response of lock — ment , ; - - 
■ 11B) from the counter part of the paxr (Step 

in Fig. 11B) fr rircult 32 1 transmits the data 

th e cache centre, unit inter, ace crrc * 
. he written stored in the buffer memory 322 , to 

o the counter part thresh the between-pair connect 
t 5 0 T hen, the write-in process is executed to the local 
10 j 33. - other cache control unit interface circuit 

-er cache control unit interface circuit 321 ( Step 

S501) ; he n, the data is written in the local cache 330 .tha 

h 33„itself,Step S5 02,. * check is put to the column, 
15 local cache 330 itself ( P ^ 
. Dirtr in the control area 322 when the data 

Y . n rnrpss for both of 

the loc al cache 330. when data wrrte-xn process 

, ches 330 have been completed, after unlockmg the 

>° ------ i{ :zz^-^ 

fl owchart in which the above process for 
is represented is shown in Fig. 16- 

be th e next one until it receives a completion acknowledgement 
* «, too it is an important poxnt 
25 f rom the disk control apparatus 10. ^ 
tor improving the performance how gurckly 
apP aratus 100 returns a completion acknowledgement 
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colter ,00 . in a aisK controi apparatus 1.0 — °^ 
embo ai»e„t, a aata write-in process « «- — ^ ^ 
330 in a pair can b e execute, without b ein„ inf iuencea b y 
pro cesses * e X ecutin 9 the P-cess throu 9 h a — 
5 connection unit 350 b ein g a aerate, c— Uo„ pa, 

.urther.ore, the activity ratio of the — — 
unit 50 „ can b e suppressea since transferrin, of aata for 
Iuca t iono fd a t a b e tW een 1OC aicac h e S 330 i S e X ecn t e d w lt on t 

l g the internai connect unit 500. Therefore. — 
10 la in the internai connect an, 300 can b e aiievra- 

an a aata access responses to a h oat computet 2 00 can b e 

^ a :ei:;n::ce SS tot a caae.ete.taia not dentin 
a.ocaicacnessot^anaccess^uest^tueaatais.ece.ve. 
15 from a h o S tco m pnte r2 00,i.e.,acac h e miS s hi t W i llb eae SCt - : 
1B t h is case, whether t h e re q uestea aata is present rn 
th e gl o b aicac h e 60 0i S ve r i 4 iea ( Step S1 0 2) . *irst * cache 
co ntroi nnit interface circuit M l ohtains a phys.ca ^ 

20 on the io g icai aaatess of t h e aata specifiea in a « 

tra „s m ittea fro* t h e processor 3U. the - - 

un it interface circuit transits the co^ana to the 9 io b a 
cache 6 00 throu g h t h e internai connection unit 500 ana retr^ 
th e m ana g e m ent information storea in the controi area 6 0 2 of 

in the glohal cache 600. 
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of the data on the global cache 600. Sin 

01 tae , . „ Q nn there will 

cach e 600 is also stored in the stora 9 e devrce th 

reliahilit, o f the data can « secured hy execute 
15 duplication when the data is updated. 

sl04) Th at is, t h e data on the g lohal cache 600 is caused to 

20 In the case W hete the data has heena.ead.tead out , 

anothet iocai cache 330 and is ioc^ed .Step s,, the ^ 
cach e 330 is guested to release the locK ( Step S303, 

25 of the control area - ^ ^ 

After waiting for the lock to 
the data is iocKed not to he readouts another locai cache 
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is finished (Step S200, Step S203). 

t to a local cache 330 (Step S105). The 
5 cache 600 is read out to a local 

fiow o. the process re shown in the flowchart rn „ 

Fi rst, before the data is transferred fro, the g lobal cache 
600 to the local cache 330, whether an e,pt y area ror^ it n, 

the data transferred fro, the g lobal cache 6 00 b y return, 

i „ -valid" of the control area 332. 
the t:n ;hele is an eno Ug he»pt y capacit y , first, the cache 

15 co „trol unit interface circnit ,» secures lectin, b. sendrn, 
to the other cache control unit interface crrcurt 3 1 th 
pair a re 9 uest to locK the local cache 330 (Step S30 2 > ^ : 

the cache control unit interface circuit 3,3 stores the dat 
fromth e g lo b alcac h e 6 00tot h e b uffer m e a or y 3 22 ,and transit 

Letween-pairconnectionun^SOands.ultaneonsl.wrr.s 
the data into its own local cache 330 ( S tepS3„3, Step S. 

oA to be released and the process 
been completed, the lock rs caused to 
25 is finished (Step S30 5) - T he processes follows thrs are 
executed as described above in response to an access revest 
from the host colter .00 (Step S306 to 8109). 
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Ih e- W o fthePr oces siSSh o^ th e £ — t 
. t „, ^ the pair a request to lock tne 

„««,.. ... — «» - <- — . - z z 

- - - - - - - 

-r rrrr-tr— — — — 

■ * However , since it is necessary 

::::::;r: l ::i:^ — — «t 

«nntv area to write in the data 
■ <=rt whether there is any empty area 

" :rx— .«. *—<«—»■ — *: 
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„ dirty .. any .ore and th e sirty ^ - reset .Step .03, - - 
if it is necessary to reiease an area on t h e iocai cac h e 

is reset (Step S407). 

Th en, an acKnowiedge^ent notifying that the read-out 
pr ocess of - data to the giohai cache 6 00 has heen coveted 

on receiving this ac—ge^ent , - «• «~ ^ ^ 

and the process is finished. 

Hext , a pr ocess for the case where . fanlt occurs to 
ch annei controi unit is shown in the fiowchart in F ig - 

F irst, the processor 3U in the host interface controi 
unit „o a 1Way s liters whether there is any ahnor m aiity rn 

m detects any a b nor m aiity in the cfcannei controi unrt 300 
20 cache 330 invalid (Step S80!,. T hen. data already stored rn 

S802). . . , 

The data written out in this case is the data for whrch 

25 from the iocai cache 330 is reieased on the glohal cache 6 0 
( Step S803> . -is is for enahiing the data to he read out to 
another iocai cache 330. Keeping this state, the operatron of 



to recovers no™! <Step S 804>. However, 

f rom the host colter 200 during this waiting are continued 
by th e other ohannel control unit 300 paired with the ohannel 
control unit 300. When the channel control unit 300 recovers 

is resumed (Step S805). 

Thereby, the worK can he continued without stopping the 
operation or the system by using the other channel control unrt 

300 in the pair even when a fault occurs to the channel control 

unit 300. 

„ext Fig. 18 is a flowchart showing an emergency de stagrng 
pro cess in the storage control apparatus 100 according to thrs 
embodiment . 

Tbe emergency destaging process is a technique for 
protecting the data stored in cache memories when the supply 
of power to the disK control apparatuses 100 is stopped due 
, Power is supplied from the battery 

to a sudden power-down etc. Power i yy 

700 during a power-down. However, since the power consumptron 
2 „ of the disK control apparatus 100 is not little, the supply 
of power from the battery 700 can not he maintained for a long 
tlme . Therefore, the emergency destaging process is required 

, . . ri . t oeriod of time as far as possible, 
to be completed rn a brief perioa 

-, = m » ra tuses 100 start the emergency 
The disk control apparatuses 

25 staging process when they detect that the supply of power 

is switched to the supply of power from the battery. First, 

th e disK control apparatuses 100 research whether there is some 
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not y et reflected to the 9 Xo bal cache 600, b y retrieving Drrt y 
bit s in the control area 332 (Step S900). 

T he data not y et reflected to the global cache 600 rs written 
CM rqteo S901) . When the process 
, out to two (2) global caches 600 (Step 

completed ( Ste P SS02„ the power source o t the channel control 
unl t 300 is blocKed (Step S903, . This is for reducing the power 

•as little as possible and for maintaining the power 
consumption as little at. y 

^ ha tterv 7 00 as long as possible, 
ft supply by the battery 

th ere is some data, among the data stored in the global .che 
S00, that is not y et reflected to the storage devrce 300 b y 
retrieving ,irt y bits in the control area 602 (Step MM) «- 
15 da ta not Y et reflected to the storage device SCO rs wrrtt 

da ta to the storage device SCO is completed (Step S906,, th 
process is finished. 

For example, an aspect in which the total suppl. of power rs 



10 



reduced b y blocxinc the supply of power to th e processor 3U 
the part consul redely lar g e power amon g the channel 
control unit 300, may be employed. 

By executin. snc h a process, it is possible to improve 
the reliability or the system without losin, the data on the 
cache memories even when a sudden power-down occurs. 

In th is manner , the process for the case where a data access 
req uest is issued t rom a host computer 200 to a disx control 
apparatus 100 is executed. 

Thereby , the reliability or data can be improved srnce 

is duplicated. 

Furthermore, each host computer 200 can access cache 
m emories without competing with data accesses from other host 
5 computers 200 and hi g h speed data accesses can be realised srnce 

a in a distributed manner xn 
the local caches 330 are deployed rn a drstrr 

each channel control unit 300. 

Furthermore, the overhead of the duplication process of 

connection unit 350 and, therefore, further hi.her speed 
d ata accesses from the host computers 200 can be realized. 

4. ■ „f t h» internal connector unit 
Furthermore, the activity ratro of the rntern 

5 00 can be suppressed since data transfer for the duplicate 
25 of data between the local caches 330 is executed without usrn g 

•4- Ron Therefore , data competxtxon 
the internal connector unxt 500. Therel 

^nn is reduced and data access 
in the internal connector unxt 500 xs redu 



r esponses to the host colters 200 can be executed at a higher 
speed . 

Yet furthermore, conventionally, it is necessary to access 
a magnetic disk to read out the data requested from a host computer 
5 2 00 when the data is not present in a cache memory. However, 
in the disx control apparatus 100 according to this example, 
aata accesses from the host computers 200 can be made at a higher 
speed since it is not necessary to access a magnetic disx to 
read out data when the data is present in the global cache 600 
10 even if the data is not present in the local caches 330. 

yet furthermore, it is not necessary to access the storage 
device 800 to read out data to be accessed from a host computer 

th e data is not stored in the local cache 330. therefore, the 
15 access speed from the host computers 200 can be made higher. 

<Second Example> 

In the disk control apparatus 100 according to the first 
example, an aspect in which the between-pair connection unit 
350 is not provided can be considered. Even in such an aspect, 
20 duplicationofdatacanbeexecutedatahigherspeedbycarrying 

out the cor-uni cation between paired two (2) local caches 330 

at a higher rate. 

That is, for the case where no between-pair connection 
unit 350 is provided, the communication between the two local 
25 caches 330 is carried out through the internal connector unit 
500. However, it is possible to carry out the data transfer 
as if the paired two (2, local caches 330 were connected by 
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. seated communication pa th . hy carrying ou t the date 

da ta trensfers or a— in the circuit shown „ , • • 
5 Th ereh y , data transfers fcetween the ^ components can *e 
out a t a higher speed without heing influenced hy - 

100 in the first embodiment. 
<Third Example> 

con£igoratl on of a computer system according to a third -ample • 
en t for the disk control apparatus 100 accordxng 

to the first example rs shown 

,00 is Provided to the internal connector unrt 500 

" mem ° ry I data read out to a certain local cache 330. 

order to manage data reau 

no t to be read out to another local cache 330. 

Th e configuration of a control memory 3000 is shown rn 

20 Fl9 ' Iloontrol-orvlOOOhasacontrolarealOiOfor™^ 

data alread y readouttotheloc a lcache 330. T he control area 

,„ Hl( „, s .. "Lock" and "Owner . 
1010 comprises columns, -Address , 

The column, "Address- indicates physical address 

25 Ih e column, "l-ock" indicates a state where readmg out 

o the deta already reed out to the local cache 330, to other 
loc al caches 330 is prohihited since the data specified ru the 
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column. - -en alrea dy rea d out to the I— cache 

3 30an d ma yb eup d ate dby the h ostcompute r 300. Th is is .ecause , 
if reading out of t h e data to a pluralit y of local caches 330 
ls allowed, each of t h ose read out pieces of data ma y oe update. 
r espective ly a„ d iu d epe„ d ent ly a„ d the consistent of d ata can 

, The column, "Owner" indicates a local cache 
not be assured, me coxumi , 

330 being reading out the data. 

T headditional C onfi g u r ationfo r tnedis K controlapparatus 

100 accordin, to t h e third example is «e as t h at of the disK 
l0 control apparatus 100 accordin, to the first example. 

N ext, 3! shows a flowchart showin, the flow of the 

pr ocess for the case where a d ata access revest is issue, to 
thed i s Kcontrolapparatu S 100fro n a h ostco m puter 2 00accor d rn g 

to this example. When an access revest for d ata is issue, fro, 
15 th ehostco m puter 2 00 toac h annelco„trolunit 300 ( Ste P Sl 00„ 
the proces S or311oft h ehostinterfacecontrolunit310anal y2 es 

the access re q uest. The t yP e of access (read-out revest. 
wri te-in revest, , the a dd ress of the d ata to he accessed etc. 
are d etermine d from the anai y sis. 

Then, the processor 311 transits a command listed in F„. 
9 to the cache control unit interface circuit 331 of the cache 
control unit 330 in response to the t y pe of the access. The 
co.rn.and listed in (d , in ^ • - transmitted for the case 
o£ a rea d -out revest an d the co^and listed in (a, and 

. ■ ,m in Fia 9 are transmitted for the 
25 command (data) listed in (b, xn .xg- 

case of a write-in request. 

Th e cache control unit interface circuit 331 retries 
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the management information stored in the control area 332 of 
the local cache 330 according to the command transmitted from 
the processor 311 and verifies whether the data at the address 
specified in the command is stored in the local cache 330 (Step 
5 S1001). 

Xn the case where the data is stored in the local cache 
330, if the request is a read-out request, the cache control 
unit interface circuit 321 reads out the data from the local 
cache 330 and transmits the data to the host computer 200 (Step 
10 S1004 , Step S1005 ) . Having received an acknowledgement (ACK) 
of the completion of the read-out process from the local cache 
330, the cache control unit interface circuit 321 transmits 
a status to the processor 311. The status to he transmitted 
is a command denoted by <f , in Fig. 9. Finally, the processor 
15 311 sends to the host computer 200 a read-out process completion 
acknowledgement (Step S1007) and the process is finished. 

on the other hand, for the case where the access request 
fr om the host computer 200 is a write-in request, the cache 
control unit interface circuit 321 writes into the local cache 
20 330 the data stored in the buffer memory 322 having been 
transmitted from the host computer 200 (Step S1006). 

The details of the write-in process to the local cache 
330 are shown in Fig. 25. That is, first, the cache control 
unit interface circuit 321 sends a request to the other cache 
25 control unit interface circuit 321 in the pair to locK the local 
cache 330 . This request is executed by transmitting the command 
iisted in (a, in Fig. 11 through the between-pair connection 



unit 350 . Having received from the counter part a response (the 
command listed in (b, in Fig. 11) indicating that the lock has 
been secured and, having secured the lock of both local caches 
330 in the pair (Step S1400), the cache control unit interface 
circuit 321 transmits the data stored in the buffer memory 322 
to the buffer memory 350 of the counter part through the 
between-pair connection unit 350 . Then, a write-in process is 
executed to the local cache 3 30 of the counter part by the cache 
control unit interface circuit 321 of the counter part (Step 
S1401 ) . Then, a write-in process is executed to the local cache 
330 itself (Step S1402). When the data is written in the local 
cache 330, a check is put to the column, "Dirty of the control 
area 322 . When the write-in processes to both of the local caches 
330 in the pair have been completed, after the lock is released, 
an acknowledgement of completion is transmitted to the host 
computer200 andthe process is finished, step S1403 , Step S1007 ) . 

Since the host computer 200 can not execute the following 
processes until it receives the acknowledgement of completion 
from the disk control apparatus 100, it is an important point 
for the disk control apparatus 100 to return an acknowledgement 
of completion to the host computer 200 as quickly as possible, 
in the disk control apparatus 100 according to this example, 
write-in processes of data to the other local cache 330 in the 
pair can be executed at a high speed without being influenced 
5 by other processes by executing the write-in processes through 
the between-pair connection unit 350 being a dedicated 
communication path. 



54 



N ext, a process for the case where the data in not present 
in the local cache 330 though an access request for the data 
is received from a host computer 200, that is, a cache miss 
hit will be described. In this case, a process for reading out 
to the local cache 330 the data stored in a storage device 800 

is executed (Step S1002, . The flow of the process is shown in 

Fig. 23. 

First, before the data is transferred from the storage 
device 800 to the local cache 330, whether an empty area for 
3 writing the data in is present on the local cache 330 is checKed 
(Step S1200) . This process can be executed by checking whether 
th e total amount of the invalid data is larger than the amount 
of the data transferred from the storage device 800 by retrieving 
the column, "Valid" of the control area 332. 
5 When there is a sufficient empty capacity, first, the cache 

control unit interface circuit 321 secures locking by sending 
to the other cache control unit interface circuit 321 in the 
pair a request to lock the local cache 330 (Step S1202) . Next, 
the cache control unit interface circuit 32! stores the data 
20 f romthestoragedevice 8 00tothebuffermemory322, andtrans m its 
the data to the other buffer memory 350 in the pair through 
the between-pair connection unit 350 and simultaneously writes 
the data into its own local cache 330 (Step S1203, step S1204, . 
When writing the data into each other's local caches 330 has 
25 been completed, the lock is caused to be released and the process 
is finished (Step 81205). The processes following this are 
executed as described above in response to access requests from 



the host computer 200 (Step S1004 to Step S1007). 

If there is no empty area for the data to be transferred 
from the storage device 800 to the local cache 3 30, a process 
is necessary in which an empty area is secured by writing any 
piece of data on the local cache 330 back in the storage device 
800 (Step S1201). The flow of the process is shown in the 
flowchart in Fig. 24. 

First, the cache control unit interface circuit 321 secures 
locking by sending to the other cache control unit interface 
circuit 321 in the pair a request to lock the local cache 330 
(Step S1300) . Next, the cache control unit interface circuit 
321 checks using the control area 332 a Dirty bit of the data 
written out to the storage device 800 identified according to 
a predetermined algorithm (Step S1301). As a predetermined 
algorithm, LRU scheme in which the data that has not been accessed 
for the longest time is written out from the cache is common 
but another algorithm may be used. 

It is not necessary to write out the data to the storage 
device 800 if aDirty bit is not set. However, thedata is written 
out from the local cache 330 to the storage device 800 if the 
Dirty bit is set (Step 1302). The writing-out process is 
executed through a disk control unit 400. After the data has 
been written out to the storage device 800, the data is not 
-dirty" any more and the Dirty bit is reset (Step S1303) . Then, 
, when it is necessary to open an area on the local cache 330 
where the data was stored (Step S104), the Valid bit of the 
data is reset (Step S1305). 
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Then, an acknowledgement notifying that the read-out 
process of the data to the storage device 800 has been completed 
is sent to the other local cache 330 in the pair (Step S1306). 
On receiving this acknowledgement, in the other local cache 
5 330 in the pair, the Valid bit in the control area 332 is reset. 
Finally, the lock of the local cache 330 is released (Step S1307 ) 
and the process is finished. 

in this manner, the data read out to the local cache 330 
is locked in the control memory 1000 (Step S1003). That is, 
10 the data read out to the local cache 330 is prevented from being 
read out by another local cache 330. The flow of the process 
is shown in the flowchart in Fig. 22. 

in the case where the data has been already read out to 
another local cache 330 and is locked (Step SHOO), the local 
15 cache 330 is requested to release the lock (Step S1101 ) . Which 
local cache 330 has locked can be known from the column, "Owner" 
of the control area 1010. After waiting for the lock to be 
released (Step S1102), the data is locked not to be read out 
from another local cache 330 and the process is finished (Step 
20 S1103 ) . If the other local cache 330 is not locked, it is locked 
at once and the process is finished (Step SHOO, Step S1103). 

The processes following this are executed as described 
above in response to an access request from the host computer 
200 (Step S1004 to S1007). 
25 In this manner, a process for the case where a data access 

is issued from the host computer 200 to the disk control apparatus 
100 is executed. 
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According to this, the reliability of the data is improved 
since the data to be stored in the local cache 330 is duplicated. 

Furthermore, each host computer 200 can access cache 
memories without competing with data accesses requests from 
other host computers 200 and high speed data accesses can be 
realized since the local caches 330 are deployed in a distributed 
manner to each channel control unit 300. 

Furthermore, the overhead of the duplication process of 
data can be reduced since the local caches being paired for 
the duplication of data are connected by a dedicated between-pair 
connection unit 350 and, therefore, further a higher speed for 
data accesses from the host computers 200 is realized. Yet 
furthermore, the activity ratio of the internal connector unit 
500 can be suppressed since data transfer for the duplication 
of data between the local caches 330 is executed without using 
the internal connector unit 500. Therefore, data competition 
in the internal connector unit 500 can be reduced and data access 
responses to the host computers 200 can be executed at a higher 
speed. 

According to these schemes described above, the access 
speed for data stored in cache memories of the storage control 
apparatuses can be made higher. 

The examples according to the embodiments of the invention 
have hereinbefore been described. However, the above examples 
are only intended to facilitate the understanding of the 
invention but not to limit the interpretation of the invention. 
Any variations and modifications of the invention can be made 
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without departing from the spirit and scope thereof, and the 
equivalents thereof are included in the invention. 
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